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Abstract Gluten analysis is still affected by the lack of an
efficient and universal extraction solvent for gliadin, i.e., the
prolamine fraction of gluten which is the analytical target used
to quantify gluten in food. In this investigation, the possibility
of adopting pure choline chloride deep eutectic solvents
(ChCl-DESs) as gliadin extraction media was tested. As pro-
totypes of ChCl-DESs, ethaline and reline were chosen in
view of their good dipolar and hydrogen bond donor (HBD)
properties, as well as of their moderate enough viscosity. Their
ability to act as effective solvents for gliadin and their inability
to affect the subsequent gliadin detection by a frequently
adopted and commercially available ELISA kit were first
assessed. Ethaline and reline extraction performance was then
tested by evaluating gliadin recoveries achieved on gluten-free
food real samples before and after their spiking with con-
trolled gliadin amounts. Higher recoveries were found by
using these DESs in comparison with those gained by the
usually adopted 60% (v/v) ethanol-water solvent. In fact, glu-
ten recoveries ranging from 78 to 113%, with a RSD better
than 13%, were achieved by using ethaline. Less good recov-
eries (from 67 to 132% with a RSD of 20%) were achieved
with reline, even though they were however better than those
found with 60% v/v ethanol-water solvent. These results make
the proposed media profitable solvents for gliadin extraction
and its subsequent detection by a commonly used immunoas-
say kit, without any change of the usual detection procedure.
Keywords Deep eutectic solvents (DESs) . Gluten . ELISA
kit . Celiac disease . Ethaline . Reline
Introduction
In the last decades, quantification of gluten in food is getting
more and more important, since celiac disease, a gluten intol-
erance, is a chronic inflammatory enteropathy that affects ap-
proximately 1% of world peoples (Guandalini and Assiri
2014). In fact, ingestion of food containing gluten by geneti-
cally predisposed people triggers an immune reaction leading
to damages of the intestinal mucosa, thus causing serious side
effects. Even though several treatments have been tested, the
only effective therapy for celiac disease is up to now a lifelong
gluten-free diet (Akobeng and Thomas 2008).
For this reason, the European Union has recently set that
products containing less than 20 ppm (mg kg−1) of gluten
alone can be labeled Bgluten-free,^ while food labeled Bvery
low gluten^ must contain less than 100 ppm of gluten
(Commission Implementing Regulation 2014). In USA, the
corresponding FDA regulation (Food Labeling; Gluten-Free
Labeling of Foods 2013) sets instead that food with a gluten
content below 20 ppm can be labeled gluten-free, while no
provision is set for other gluten contents.
On the basis of these limits, the development of analytical
methods for the detection of gluten in food appears to be an
important topic in food analysis (Haraszi et al. 2011).
Quantification of this species is quite challenging since gluten
is a complex mixture of storage proteins prolamines and
glutelins, in a mass ratio of ca 1:1 (Wieser 2007), found in
wheat, rye, barley, oats, and their crossbred varieties. The
prolamin fraction (gliadins) consists of monomeric proteins
with a single polypeptide chain characterized by a globular
conformation and a molecular mass of 32–70 kDa (Barak
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et al. 2015), which is commonly used as analytical target to
quantify gluten in food (Scherf and Poms 2016). Thus, gluten
mass in food is conventionally evaluated by doubling the mass
of determined gliadin.
Currently, the CODEXofficial analytical method for gluten
detection is an enzyme-linked immunosorbent assay (ELISA)
using the R5 antibody (Slot et al. 2016). Despite the availabil-
ity of this reference immunosorbent assay, gluten detection in
food still remains a problem (Diaz-Amigo and Popping 2013).
This is due to the possible occurrence of cross-reactivity pro-
cesses, incomplete gluten extraction from heat-treated food,
and the lack of a standardized reference material for calibra-
tion procedures. This is the reason why many other enzyme-
immunosorbent assays based on other anti-gliadin antibodies,
extraction solvents, or calibration materials have been devel-
oped (Diaz-Amigo and Popping 2013).
In any case, the main problem concerning gluten quantifi-
cation remains its extraction from food matrices because this
step turns out to be crucial in order to obtain a proper analyte
quantification. At present, gluten extraction is usually per-
formed by ethanol-water solutions 60–40% (v/v) or by patent-
ed ethanol-water solutions containing reducing agents such as
mercaptoethanol or tris(2-carboxyethyl)-phosphine (García
et al. 2005; Mena et al. 2012). However, ethanol extraction
is not always efficient and the presence of reducing agents can
interfere at times with immunoassays (Doña et al. 2007).
Recently, a new generation of ionic liquids (ILs), named
deep eutectic solvents (DESs), obtained by mixing two safe
components able to form an eutectic mixture with a melting
point lower than that of starting components, are gaining a
growing interest as green solvents. DESs exhibit physical
and chemical properties similar to those of ILs, as well as
improved biodegradability and lower toxicity (Zhang et al.
2012; Toniolo et al. 2016). These solvents are generally ob-
tained by mixing a hydrogen bond acceptor (HBA), such as
quaternary ammonium salts, with a hydrogen bond donor
(HBD), such as amines, carboxylic acids, alcohols, or carbo-
hydrates (Abbott et al. 2004). Up to now, explorative studies
focused on their capacity to act as effective solvents have
highlighted their ability to dissolve poorly soluble drugs and
nucleic acids, while studies on their solvent ability toward
organic macromolecules are still very scarce (Zeng et al.
2014; Zhang et al. 2016). In addition, it was also hypothesized
that the occurrence of a large number of biological processes
could become possible in media such as DESs (Dai et al.
2013).
Thus, in this work we tested an alternative, green, and
effective extraction procedure for gliadin, exploiting pure cho-
line chloride-based deep eutectic solvents (ChCl-DESs) which
are the most commonly employed DESs.
When this investigation was nearly completed, a paper
dealing with a similar subject was published, in which
water-diluted sugar-based natural deep eutectic solvents
(NADESs) in combination with an ultrasound-assisted extrac-
tion was applied to gluten quantification (Lores et al. 2017).
The results presented here prove that the use of pure ChCl-
DESs as extraction media for gluten consents a simpler pro-
cedure and makes possible the achievement of better
recoveries.
The profitable capability of ChCl-DESs to extract gliadin
from different food was also compared with that displayed by
the ethanol-water medium usually adopted as gluten extrac-
tion solvent, by resorting to a commercially available ELISA
kit for the final gluten detection.
Experimental
Reagents and Apparatus
Ethaline and reline (see Table 1) were the choline chloride-
based deep eutectic solvents used as gluten extraction solvents
throughout this investigation. They were supplied by Scionix
Ltd. (London, UK) and employed as received, without further
purification. Ethanol used to prepare 60% (v/v) ethanol-water
extraction solutions was purchased from Sigma-Aldrich
(Milan, Italy). Reference gliadin (90.8% w/w purity) from
the Prolamin Working Group (PWG gliadin) was supplied
by the Group on Prolamin Analysis and Toxicity (Germany)
and used as the standard. This standard was obtained from a
mixture of 28 wheat cultivars representative of the European
wheat-producing countries. A 1000 mg L−1 PWG gliadin
standard solution was prepared in 60% (v/v) ethanol-water.
Gluten in food samples was quantified by the ELISA immu-
noassay test performed by using the Gluten-Check™ kit sup-
plied by Bio-Check (UK) (Gluten-Check™ ELISA kit, instruc-
tion for use). Water used as solvent was ultrapure water, purified
by an Elgastat UHQ PS system (ELGA LabWater, Siershahn,
Germany). Both unheated (flour) and heated (biscuits and crack-
ers) gluten-free foods were purchased from local supermarkets.
Water content in ChCl-DESs (ethaline and reline) was de-
termined by a Karl Fischer titrator DL32 (Mettler-Toledo,
Greifensee, Switzerland). When necessary, a Model 1210 ul-
trasonic bath from Bransonic Co. (USA) was used to prepare
high-concentration PWG gliadin standard solutions. ELISA
spectrophotometric measurements were carried out with a
PerkinElmer VICTOR3 1420 Multilabel Counter absorbance
microplate spectrophotometer (Waltham, MA, USA), while
an Agilent Cary 50 UV-Vis spectrophotometer (Santa Clara,
CA, USA) was used to record UV-Vis spectra. An analytical
balance CP Sartorius (Sartorius, Goettingen, Germany) was
used to weight samples. In agreement with the procedure rec-
ommended by the Gluten-Check™ ELISA kit, all solid sam-
ples were grinded, when necessary, by a Sterilmixer homoge-
nizer (International PBI, Milan, Italy) and shaken using a vor-
tex (International PBI, Milan, Italy). An IKA magnetic stirrer
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with a water bath (Werke GmbH & Co. KG, Staufen,
Germany) and a Thermo Scientific Heraeus Labofuge 200
Centrifuge (Waltham, MA, USA) were used for sample ex-
traction and centrifugation, respectively.
Sample Preparation and Extraction Procedure
Extraction of gluten from food was performed by using the
abovementioned ChCl-DESs and, for the sake of comparison,
by usual 60% (v/v) ethanol-water solutions.
About 50 g of each food sample was milled in a grinder to
prepare a fine powder. Afterward, 0.35 g of the obtained pow-
dered sample was extracted in Eppendorf vials with 3.5 mL of
60% (v/v) ethanol-water solution or pure ChCl-DESs. These
vials were shaken by a vortex for 2 min, and then they were
left in a water bath at 55 °C for 45 min. After this time, they
were shaken again for 2 min and centrifuged for 10 min at
5000 rpm. Similar aliquots of powdered food were also spiked
with known amounts of PWG gliadin (leading to spiked con-
tents ranging from 5 to 36 mg kg−1) and subjected to the same
treatment described above.
After extraction, 100 μL of supernatant was diluted (10:1
or 20:1) with the dilution solution provided by the ELISA kit
(phosphate-buffered ethanol-water). Sample preparation was
carried out in a laboratory separated from that where analyses
were performed, to avoid contamination, and all extractions
were carried out in triplicate.
Gluten-Check™ ELISA kit
Gluten content in food samples was determined by the Gluten-
Check™ ELISA test mentioned above (http://www.biocheck.
uk.com/gluten/lab-test-kits). This test is a two-step method
which profits from the use of the 401/21 antibody developed
by Skerritt and Hill (1991), approved by the Association for
Official Analytical Chemists (AOAC) for the quantification of
gluten in food.
First, after suitable dilution with the kit solvent, extracted
samples were incubated with the 401/21 monoclonal antibody
immobilized onto the bottom of the wells, to form the corre-
sponding complex. After incubation for 20 min, wells were
emptied and washed three times with the washing solution
supplied by the ELISA kit (phosphate-buffered ethanol-wa-
ter). Afterward, a solution containing the antibody labeled
with the enzyme horseradish peroxidase (HRP) was added,
so that PWG gliadin formed an adduct sandwiched between
the antibody attached to the well and antibody labeled with the
enzyme. After further 20 min, the excess of non-immobilized
labeled antibody was removed by using the kit washing solu-
tion (four repeated washings). Then, a colorless solution con-
taining a 3,3′,5,5′-tetramethylbenzidine (TMB) substrate spe-
cific for the enzyme was added in the dark, so that the enzyme
can promote the TMB oxidation, by giving rise to the corre-
sponding blue-colored oxidized species.
The enzymatic reaction was hence stopped by acidification
with 0.5 M H2SO4 which caused simultaneously inhibition of
the enzyme and conversion of the oxidized form of TMB to
the corresponding yellow-colored protonated form, whose ab-
sorption band (remaining unaltered for about 1 h) showed a
maximum at 450 nm. A calibration curve was constructed by
plotting the absorbance at 450 nm against the gluten concen-
tration of five standard solutions, in the range 5–110 mg L−1,
provided with the ELISA kit.
Results and Discussion
Solubilization Tests of PWG Gliadin in ChCl-DESs
DESs consisting of choline chloride combined in a 1:2M ratio
with 1,2-ethanediol(ethaline), glycerol (glyceline), urea (re-
line), and malonic acid (maline) were recently reported to
display dipolar properties, i.e., they behave as compounds
exhibiting electron density shared unequally between atoms
Table 1 Formula and component molar ratios of ChCl-DESs adopted
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because they have different electronegativity (Pandey et al.
2014). Moreover, also their HBD ability higher enough than
those proper for short-chain alcohols was highlighted (Pandey
et al. 2014). On the other hand, current literature emphasizes
that conventional gliadin solvents, such as water-ethanol, do
not allow always its total extraction from some foods (García
et al. 2005). Consequently, it has to be expected that the dis-
solution ability of these ChCl-DESs toward PWG gliadin
should be profitable and worthy of investigation.
Thus, we have tested the ability of two choline chloride
DESs, ethaline and reline, to extract gliadin from food, as well
as their compatibility with a commercially available enzyme
immunoassay. Ethaline and reline were chosen for these tests
because they display a moderate viscosity and do not present
handling difficulties at room temperature. Table 2 reports their
viscosity at 25 and 55 °C from literature data (D’Agostino
et al. 2011), together with their water content determined by
us.
Data reported in Table 2 show that ethaline and reline dis-
play at 25 °C a viscosity which is quite higher than that
displayed by common gliadin solvents (from 30 to 1000 times
higher than water), but it becomes considerably lower at 55 °C
which is the temperature usually recommended for gluten
quantification. In fact, it is generally accepted that no gluten
protein denaturation occurs up to 58 °C (Leon et al. 2003).
This temperature-induced viscosity decrease of DESs is ex-
pected to improve their extraction efficiency since analyte
diffusion becomes quicker, thus making these solvents quite
promising.
Preliminary tests were performed to verify the ability of
ethaline and reline to dissolve PWG gliadin. With this purpose,
a series of solutions were first prepared by dissolving controlled
amounts of PWG gliadin in each DES at 25 °C, so as to achieve
concentrations ranging from 50 to 300 mg L−1. Higher concen-
trations were not considered in view of the fact that they are not
usually encountered after food extraction. Concomitantly, for
the sake of comparison, PWG gliadin solutions with the same
concentrations were also prepared in 60% (v/v) ethanol-water.
All these prepared standard samples turned out to be clear so-
lutions, without precipitates, which were subjected to absor-
bance measurements in the UV-Vis range 250–450 nm, where
proteins display an absorption band with a maximum at about
280 nm (Schmid 2001). Recorded UV-Vis spectra, whose typ-
ical trends are summarized in Fig. 1, showed in all cases a linear
increase with the PWG gliadin concentration. In particular,
spectra recorded in DES media did not show appreciable dif-
ferences from those recorded in 60% (v/v) ethanol-water and
also the corresponding calibration plots (insets in Fig. 1) turned
out to be similar enough. In fact, regression equations found in
60% (v/v) ethanol-water, ethaline, and reline, respectively, were
the following: A = 7.042 × 10−4xCPWG (mg L
−1) − 0.008;
A = 7.535 × 10−4xCPWG (mg L
−1) + 0.016; and
A = 8.017 × 10−4xCPWG (mg L
−1) − 0.009.
Table 2 Viscosity and water content of DESs






Ethaline 37 24 2.7%
Reline 750 95 3.1%
a (D’Agostino et al. 2011)
b Experimental data (Karl-Fischer titration)
Fig. 1 Absorption spectra, recorded at 25 °C, for PWG gliadin at
different concentrations (from 50 to 300 mg L−1) in 60% (v/v) ethanol-
water, ethaline, and reline. Insets: PWG gliadin absorbance at 278 nm
versus its concentration
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When these tests were repeated in DESs at 55 °C, very
similar UV-Vis spectra were once again recorded. In addition,
when absorbance measurements in DES media were repeated
every hour, the relevant spectra turned out to be repeatable for
1 day at least. These findings pointed out that DESs adopted
by us are effective solvents for PWG gliadin and that they do
not cause analyte degradation.
Endurance of the ELISA (Gluten-Check™) Assay
for ChCl-DES Media
In principle, the performance of the Gluten-Check™ ELISA
immunoassay employed by us for gluten determination could
be interfered by the presence of DESs used in the extraction
step. In fact, these media could change to some extent the
gliadin environment, thus causing its conformational alter-
ation and making the ELISA immunoassay no longer suitable
for its determination. Consequently, some preliminary tests
were performed to verify whether ethaline and reline were
able to affect the detection procedure.
With this purpose, standard solutions of PWG gliadin in
both ethaline and reline were prepared by adding controlled
amounts of the analyte to the pure solvents, so as to achieve
concentrations ranging from 0 to 50 mg L−1. One hundred
microliters of these solutions was then subjected to the detec-
tion procedure reported in the BExperimental^ section.
The results of seven replicate measurements performed on
each sample turned out to be satisfactory, in that PWG gliadin
concentrations found turned out to be practically coincident
with the expected contents, with a RSD of ±9%. This finding
points out that the replacement of ethanol-water by ethaline or
reline as extraction media is fully compatible with the subse-
quent gluten detection procedure adopted by us.
Determination of Gluten in Food Samples
The ability of DESs adopted by us to act as effective extraction
media for gluten from food was tested on real food samples.
Both heat-untreated (flour) and heat-treated (crackers and bis-
cuits) gluten-free food samples were assayed, in view of the
fact that significant decreases of gluten contents were found
on passing from flour to the corresponding bread when the
usual 60% (v/v) ethanol-water extraction solvent was used
(Gessendorfer et al. 2010). For the sake of comparison, all real
samples were also subjected to extraction with 60% (v/v) eth-
anol-water. After extraction, these samples in both DESs and
ethanol-water were subjected to analysis for their natural glu-
ten content.
Moreover, four spiked samples were prepared by adding
controlled amounts of PWG gliadin standard solutions to
0.35 g of both heat-treated and heat-untreated gluten-free food
samples. Three replicates of each sample and of each spike
level were tested. Also, these spiked samples were extracted
with each DES adopted and with ethanol-water, following the
procedure described in the BExperimental^ section. After cen-
trifugation, 100 μL aliquots of supernatants were analyzed by
the ELISA kit.
The results obtained are summarized in Table 3, where
recoveries achieved with the different solvents are compared
with one another. Even though gliadin found in spiked sam-
ples did not come from gluten, since equivalent amounts of
glutelins were of course absent, all data reported in this table
are expressed as milligrams per kilogram of the corresponding
gluten (double of gliadin mass), as inferred from the calibra-
tion curve provided by the ELISA kit.
Data in Table 3 show that when food samples characterized
by small gluten concentrations were analyzed, such as
unspiked gluten-free samples, all extraction solvents
Table 3 Recovery % ± relative
standard deviation (RSD) for
gluten-free and PWG gliadin
spiked food samples
Extraction medium PWG gliadin
spike (mg kg−1)
Gluten found (recovery% ± SD) (mg kg−1)
Flour Crackers Biscuits
Ethaline – 2.3 ± 0.1 2.4 ± 0.1 2.1 ± 0.2
4.5 10.6 (94 ± 11) 12.9 (113 ± 12) 8.9 (80 ± 13)
9.0 19.0 (94 ± 7) 19.0 (93 ± 7) 15.8 (78 ± 3)
8 41.9 (109 ± 8) – –
36 76.0 (102 ± 12) – –
Reline – 2.0 ± 0.2 2.5 ± 0.1 2.1 ± 0.2
9 13.5 (67 ± 15) 17.3 (84 ± 8) 26.5 (132 ± 20)
18 28.1 (74 ± 8) – –
60% (v/v) EtOH–H2O – 2.3 ± 0.1 1.9 ± 0.2 1.9 ± 0.1
9 5.1 (25 ± 20) 12.0 (60 ± 15) 7.1 (36 ± 18)
18 22.3 (58 ± 27) – –
All results are expressed as milligrams per kilogram of gluten
Food Anal. Methods (2017) 10:4079–4085 4083
employed led to comparable enough gluten contents (a little
more than 2 mg kg−1).
On the contrary, when spiked samples displaying higher
gliadin concentrations (added amount plus natural content)
were tested, the usual 60% (v/v) ethanol-water extraction sol-
vent turned out to provide a quite modest performance. Better
results were found when the extraction was conducted with
the DES reline, but the best performance in terms of recovery
was provided by the DES ethaline. This ability of ethaline to
act as a more effective extraction medium with respect to
reline can be conceivably accounted for considering the lower
viscosity displayed by this DES, which is expected to increase
the analyte mass transfer rate from the sample to the extraction
medium.
In particular, it is worth noting that gluten recoveries
achieved by ethaline turned out to be totally satisfactory just
for samples spiked with gliadin amounts nearly 10 mg kg−1
(corresponding to about 20 mg kg−1 of gluten), which is the
gluten content typical of the cutoff region between gluten-free
and gluten-containing food samples.
The better performance offered by ethaline with respect to
the 60% v/v ethanol-water solvent is conceivably closely
bound up with the gliadin solubility in these different media.
In fact, solubility tests performed by us for gliadin in ethaline
at room temperature showed that PWG solubility was largely
higher than 5000 mg L−1, while a solubility of ca.
1600 mg L−1 was reported for gliadin in ethanol at room
temperature (Lores et al. 2017). No literature report is so far
available about gliadin solubility in 60% v/v ethanol-water at
higher temperatures, but it is expected that a temperature in-
crease causes a solubility increase in both ethanol-water and
ethaline. Consequently, ethaline should remain conceivably a
more effective solvent for PWG even at 55 °C.
Finally, it is the case of comparing our findings with those
gained carrying out the gluten extraction from food by using
sugar-based DESs which were recently reported (Lores et al.
2017). Recoveries found by us by using ChCl-DESs were
almost comparable with those achieved in spiked real samples
extracted by sugar-based DESs. However, extractions con-
ductedwith these last DESs required their preliminary dilution
with water in order to reduce their quite high viscosity. On the
contrary, the low enough viscosity displayed at 55 °C by
ChCl-DESs (in particular by ethaline) allowed their direct
use as solvent for gluten extraction.
Conclusions
The results achieved in this investigation point out that DESs
such as ethaline and reline are very promising as extraction
solvents of gluten from both unprocessed and processed food,
because they provide reliable results with simple sample treat-
ment. The use of these DESs is fully compatible with the
subsequent gluten detection with a usual sandwich immuno-
assay exploiting the 401/21 antibody, without any change of
the procedure recommended by the ELISA kit adopted.
Both DESs provided performance comparable enoughwith
that offered by the usual 60% (v/v) ethanol-water solvent for
samples containing small gluten contents, while they proved
to be better extraction solvents when food samples character-
ized by higher gluten concentrations were analyzed. As a mat-
ter of fact, ethaline acted as a more effective extraction medi-
um with respect to reline and this can be explained on consid-
ering the higher viscosity of reline which causes conceivably
the analyte mass transfer from the sample to the extraction
solvent to be slowed down.
In particular, recoveries provided by ethaline from samples
containing nearly 20 mg kg−1 of gluten (range where it is
crucial to distinguish between gluten-free and gluten-
containing samples) turned out to be more accurate than those
provided by other extraction solvents so far adopted.
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